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Abstract—To identify the independent sample number in a 
platform-stirred reverberation chamber, the correlated angle of a 
rotating platform has to be identified. A general numerical 
method is proposed to calculate the farfield correlation in a 
source-stirred reverberation chamber. The proposed method is 
verified using a dipole antenna which has an analytical solution. 
General source antenna configurations are also investigated (e.g. a 
Vivaldi antenna) which show that the correlated angle is not 
sensitive to the radiation pattern of the source-stirred antenna for 
a large rotating radius. 
Index Terms—correlation, radiation pattern, reverberation 
chamber, source stirring technique. 
I. INTRODUCTION 
The source stirring technique in a reverberation chamber (RC) has 
been investigated for years and has been widely applied in EMC and 
over-the-air (OTA) measurements [1]-[15]. If a Tx or Rx antenna is 
mounted on a rotating platform (which is named platform stirring), the 
correlated angle can be measured using a vector network analyzer 
(VNA) [16]-[19]. From a simulation perspective, analytical results can 
be obtained under certain conditions [20]. To optimize the 
source-stirring antenna setup, it is necessary to calculate the 
correlations among different antenna configurations, thus a general 
method is required.  
In this paper, based on the equivalency between the correlation of 
the measured S-parameters and the radiation patterns [16]-[19], the 
correlations between two arbitrary radiation patterns can be calculated. 
This method is a general method and can be applied to arbitrary 
antenna radiation patterns and arbitrary source stirring configurations. 
In the source-stirring process, the new position of a stirring antenna 
means the radiation pattern is transformed into a new coordinate 
system while the shape of the pattern is kept invariant. Here we do not 
consider the nonideal effects in an RC such as the insufficient number 
of modes or the mechanical stirring of the antenna structure or holder 
[21].  
The paper is organized as follows: the method is presented in 
Section II and validated using an analytical equation. Different 
configurations are investigated in Section III using a dipole antenna 
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and a Vivaldi antenna. Conclusions are finally summarized in Section 
IV. 
II. NUMERICAL METHOD 
A schematic plot of a rotating platform in an RC is illustrated in 
Fig. 1(a), the origin of the global coordinate system is located at the 
center of the platform. Suppose the radiation pattern of a rotated 
antenna is E𝛾𝛾(𝜃𝜃,𝜑𝜑)  in the global coordinate system. To obtain 
E𝛾𝛾(𝜃𝜃,𝜑𝜑) in Fig. 1(b), we need to shift the coordinate system in –y 
direction with a distance 𝑟𝑟𝑠𝑠 and rotate the xoy plane with an angle of 𝛾𝛾. 
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Source stirred antenna correlation (Visual Summary) 
Take-Home Messages:  
(up to seven items) 
 Based on the equivalency between the correlation of the 
measured S-parameters and the radiation patterns, we 
propose a general method to calculate the source stirred 
correlation coefficients. 
 Without simulating S-parameters in a complex cavity 
directly, the upper bound of the independent sample number 
can be obtained from the pattern correlations. 
 The proposed method can be applied to arbitrary source 
stirred scenarios and could be used for optimizing the 
measurement setup.  
 The directivity of an antenna does not dominate the 
correlated angle significantly. 
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Figure 2 shows a demonstration of the radiation patterns of a rotated 
dipole with 𝑟𝑟𝑠𝑠 = 1𝜆𝜆; note that for a z-polarized dipole antenna, the 
shape of the radiation pattern is not changed but the phase distribution 
of 𝐸𝐸𝜃𝜃(𝜃𝜃,𝜑𝜑) varies for different angle of rotation 𝛾𝛾. 
We denote the original radiation pattern as 𝐄𝐄0(𝜃𝜃,𝜑𝜑) (when 𝛾𝛾 = 0) 
and the rotated version as 𝐄𝐄𝛾𝛾(𝜃𝜃,𝜑𝜑). In a well stirred RC (isotropic rich 
multipath environment), from the equivalency between the farfield 
correlation and the measured S-parameters [16]-[19], the correlation of 
a platform-stirring antenna can be calculated from 
𝜌𝜌(𝛾𝛾) =
�∬𝐄𝐄0(𝜃𝜃,𝜑𝜑) ⋅ 𝐄𝐄𝛾𝛾∗  (𝜃𝜃,𝜑𝜑)dΩ�
�∬|𝐄𝐄0(𝜃𝜃,𝜑𝜑)|2dΩ∬�𝐄𝐄𝛾𝛾∗(𝜃𝜃,𝜑𝜑)�
2dΩ
             (1) 
where ∬∎dΩ = ∫ ∫ ∎𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝜋𝜋0 d𝜃𝜃
2𝜋𝜋
0 d𝜑𝜑  represents the integral over 
solid angle. In an RC, (1) cannot be measured directly as the radiation 
pattern cannot be measured directly in an RC. However, the 
S-parameters can be collected to calculate the correlation, and the 
correlation is the same as (1) in an ideal Rayleigh channel. By 
calculating (1) numerically (using Matlab), the correlations can be 
obtained for arbitrary source stirring antennas. 
Specifically, when an electrically small dipole is z-polarized 
(vertically polarized), from the random plane-wave model, the 
correlation for the transverse E-field with a distance 𝑑𝑑  has been 
derived in [20] as 
𝜌𝜌𝑡𝑡(𝑑𝑑) =
3
2 �
sin(𝑘𝑘𝑑𝑑)
𝑘𝑘𝑑𝑑 −
1
(𝑘𝑘𝑑𝑑)2 �
sin(𝑘𝑘𝑑𝑑)
𝑘𝑘𝑑𝑑 − cos
(𝑘𝑘𝑑𝑑)��      (2) 
where 𝑘𝑘 = 2𝜋𝜋 𝜆𝜆⁄  is the wave number. (2) can be used to verify (1) by 
substituting 𝑑𝑑 = 2𝑟𝑟𝑠𝑠sin(𝛾𝛾 2⁄ ) into (2). Figure 3 shows a comparison 
between the correlations obtained from the pattern integration in (1) 
and the random plane-wave model in (2). Experimental validations 
have also been given in [20]. Considering the efficiency and accuracy 
in the radiation pattern discretization, a resolution of 2º is used for 𝜃𝜃, 𝜑𝜑 
and 𝛾𝛾  angles in the pattern discretization and transformation, the 
Simpson's 2D rule is adopted to calculate (1). The numerical error of 
the Simpson’s 2D rule is 𝑂𝑂(Δ𝜃𝜃4) + 𝑂𝑂(Δ𝜑𝜑4) which is very small. In 
Fig. 3, it should be noted that the distance is not half-wavelength for 
the first null, because the antenna is z-polarized, the total vector E-field 
correlation sin(𝑘𝑘𝑑𝑑)/(𝑘𝑘𝑑𝑑) [20] cannot be applied. 
III. SIMULATION RESULTS 
To investigate the dependency of the radiation pattern on the 
platform-stirring correlation, the radiation pattern of a dipole antenna 
is analyzed with different angles. The position of the antenna is located 
    
(a)                                                            (b) 
Figure 1. (a) A schematic plot of a source-stirring platform (side view), the 
source-stirring antenna is located at (0,  𝑟𝑟𝑠𝑠, 0), (b) a rotated version of the 
radiation pattern of a source-stirring antenna (top view). 𝜃𝜃 is the polar angle, 
𝜑𝜑 is the azimuth angle and 𝛾𝛾 is the angle of rotation. 
 
 
Figure 2. The phase distributions of a rotated dipole antenna (∠𝐸𝐸𝜃𝜃(𝜃𝜃,𝜑𝜑)) 
when 𝛾𝛾 = 0° , 90°, 180° and 270° in a global coordinate system, the radius of 
the rotating platform is one wavelength (𝑟𝑟𝑠𝑠 = 1𝜆𝜆). 
 
Figure 3.  Farfield correlations of a dipole antenna calculated numerically and 
analytically, a z-polarized dipole is used with a radius of rotation of one 
wavelength; when 𝑑𝑑 ≈ 0.4367𝜆𝜆, a null is obtained. 
 
   
(a)                                                    (b) 
Figure 4.  (a) Definition of 𝛼𝛼, (b) definition of 𝛽𝛽, the platform-stirred dipole 
antenna is located at (0, 𝑟𝑟𝑠𝑠, 0). 
 
 
                                                   (a) 
 
                                                   (b) 
 
                                                   (c) 
Figure 5.  Farfield correlations for different 𝛼𝛼 (while 𝛽𝛽 = 0) and different 𝑟𝑟𝑠𝑠, 
(a) 𝑟𝑟𝑠𝑠 = 0.5𝜆𝜆, (b) 𝑟𝑟𝑠𝑠 = 1𝜆𝜆 and (c) 𝑟𝑟𝑠𝑠 = 1.5𝜆𝜆. 
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at (0, 𝑟𝑟𝑠𝑠, 0) , where 𝑟𝑟𝑠𝑠  is the radius of rotation. We investigate the 
angles tilted in two directions in Fig. 4: 𝛼𝛼 angle with z-axis rotated in 
xoz plane (around y-axis) and 𝛽𝛽 angle with z-axis rotated in yoz plane 
(around x-axis). The calculated correlations with different 𝑟𝑟𝑠𝑠, 𝛼𝛼 and 𝛽𝛽 
for a dipole antenna are illustrated in Fig. 5 and Fig. 6.  
It is interesting to note that the correlations are more sensitive for 𝛼𝛼 
angles than 𝛽𝛽  angles for a dipole antenna. When the antenna is 
z-polarized, the first null is small but the second peak of the correlation 
is high. It would be useful to find a trade-off between the first null and 
the envelope of the correlations. (e.g. from Fig. 5, 𝛼𝛼 = 45° or 60° 
could be a good choice.) Note that in the IEC standard, the correlation 
is defined using received power and a threshold of 1 𝑒𝑒⁄ ≈ 0.37 is 
normally used [22]. While for complex S-parameter or radiation 
pattern correlations, the threshold becomes �1 𝑒𝑒⁄ ≈ 0.6 [23], [24]. 
The angles for the first null and a threshold of 0.6 are presented in 
Fig. 7 for a z-polarized dipole antenna. The independent sample 
number is also estimated using 𝑁𝑁 = 360/Δ𝛾𝛾. It can be found that 
when a relatively high threshold is used (e.g. 0.6), the difference of 
correlated angles (independent sample numbers) is negligible.   
A more general scenario is investigated in Fig. 8, a wideband 
Vivaldi antenna is simulated at different frequencies. Since the 
directivity of the radiation pattern is function of frequency, we can 
study the dependency of the directivity on the pattern correlations. 
After normalizing 𝑟𝑟𝑠𝑠  to the wavelength, the radiation pattern 
correlations are calculated and summarized in Fig. 9. It can be seen 
 
                                                   (a) 
 
                                                   (b) 
 
                                                   (c) 
Figure 6.  Farfield correlations for different 𝛽𝛽 (while 𝛼𝛼 = 0) and different 𝑟𝑟𝑠𝑠, 
(a) 𝑟𝑟𝑠𝑠 = 0.5𝜆𝜆, (b) 𝑟𝑟𝑠𝑠 = 1𝜆𝜆 and (c) 𝑟𝑟𝑠𝑠 = 1.5𝜆𝜆. 
 
 
Figure 7.  Correlated angles for threshold values of 0 (first null) and 0.6 with 
different radius of rotation; the dipole antenna is z-polarized. 
 
 
(a)                                                 (b) 
 
                                (c)                                                 (d) 
 
                                (e)                                                 (f) 
Figure 8.  (a) Vivaldi antenna, a tilted angle of 𝛼𝛼 = 45° is used; simulated 
radiation patterns with a maximum directivity of (b) 3.9 dB @ 0.5 GHz, (c) 
4.3 dB @ 1 GHz, (d) 8.2 dB @ 2 GHz, (e) 10.4 dB @ 3 GHz and (f) 12.2 dB 
@ 5 GHz respectively. 
 
 
 
                                                   (a) 
 
                                                   (b) 
 
                                                   (c) 
Figure 9.  Farfield correlations for different directivity and radius of rotation,  
(a) 𝑟𝑟𝑠𝑠 = 0.5𝜆𝜆, (b) 𝑟𝑟𝑠𝑠 = 1𝜆𝜆 and (c) 𝑟𝑟𝑠𝑠 = 1.5𝜆𝜆. 
 
 
Figure 10.  A comparison of farfield correlations between a dipole antenna 
and a Vivaldi antenna when 𝑟𝑟𝑠𝑠 = 10𝜆𝜆. 1º/step is used for 𝜃𝜃, 𝜑𝜑 and 𝛾𝛾 angles 
respectively. 
 
 
Authorized licensed use limited to: University of Liverpool. Downloaded on December 02,2020 at 17:09:09 UTC from IEEE Xplore.  Restrictions apply. 
2637-6423 (c) 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/LEMCPA.2020.3034759, IEEE
Letters on Electromagnetic Compatibility Practice and Applications
 
that the correlations do not show significant dependencies on the 
directivity of the radiation pattern for a threshold of 0.6. If we compare 
Fig. 9 with Fig. 5, it can be found that the value of the ratio 𝑟𝑟𝑠𝑠 𝜆𝜆⁄  is 
fundamental: for small values of the ratio 𝑟𝑟𝑠𝑠 𝜆𝜆⁄ , the correlated angle 
shows dependency on the radiation pattern, while the higher 𝑟𝑟𝑠𝑠 𝜆𝜆⁄  is, 
the more the correlation is independent of the radiation pattern of the 
antenna. This is very useful, which means a high directivity antenna is 
not necessary in a source-stirred RC. In practice, a high directivity 
antenna could lead some positions for high K-factors when the main 
beam of the antenna directs to the points of interest [25]. Different 
scenarios for 𝑟𝑟𝑠𝑠  up to 10𝜆𝜆  have also been simulated which show 
similar phenomenon, a typical plot is given in Fig. 10.  
IV. DISCUSSION AND CONCLUSIONS 
We have calculated angular correlations for platform-stirred 
antennas in different scenarios numerically. The angular correlations 
of a z-polarized dipole antenna are verified using an analytical 
equation. General scenarios with a Vivaldi antenna have also been 
analyzed. 
It is interesting to find that the angular correlations only show 
dependency with the radiation pattern for small rotating radius. While 
for large rotating radius, the radiation pattern of an antenna does not 
affect the correlated angles significantly. This shows that the phase 
redistribution of the radiation pattern in the stirring process contributes 
similarly to the magnitude redistribution, and Fig. 7 can be used as 
typical values for general cases.  
The numerical method can be applied to arbitrary antennas and 
arbitrary source-stirred configurations, as we only need to transform 
the radiation pattern into a new global coordinate system (from a local 
coordinate system) and calculate the integral numerically. Note that 
the correlations calculated in this method is in an RC with enough 
number of random incident plane waves (the RC is well-stirred), thus 
the numerical values can be considered as the theoretical limits in an 
ideal RC. In practice, when the RC is not well-stirred, the correlations 
could be higher than the simulated values. 
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